The occurrence, fate, geographical and seasonal influence and environmental risk assessment of eleven of the most consumed pharmaceuticals in Portugal were studied in wastewater treatment plants (WWTPs) influents and (WWI) and effluents (WWE). WWI and WWE samples, from two sampling campaigns (spring and summer), in 2013, were evaluated in 15 different WWTPs across the country, by solid phase extraction (SPE) and liquid chromatography coupled with tandem mass detection (LC-MS-MS).
Introduction
Human pharmaceuticals represent a group of widely used chemicals that contaminate the environment. Albeit in trace amounts, they are of concern since they are designed to perform a biological effect. Moreover, given their continuous introduction into the environment, their environmental impact, both as stressors and as agents of change, is of great importance (Mompelat et al., 2009) .
Worldwide has been recognized the environmental impact of medicinal products. Although no legal limits have been established in water, relevant legislation and regulatory guidance has been issued by the European Union (EU) (Verlicchi et al., 2014) . The Water Framework Directive (WFD) (Directive 2000/60/CE), establishes the priority substances in the policies of the water domain of the EU (Afonso- Olivares et al., 2013; Vazquez-Roig et al., 2011) , whereas, the Directive 2001/83/EC, as amended by the Directive 2004/27/EC, requires an evaluation of the potential environmental risks to be performed for every new marketing authorization. In January 2012, the EU published a report regarding the revision of the Directive 2000/60/CE, and several new substances were proposed, including diclofenac (European Commission 2012). Moreover, directive 2013/39/EU sets a watch list, that includes three pharmaceuticals, being one of them diclofenac, and requires relevant monitoring data from each member state, in order to minimize their aquatic environmental contamination and support future prioritization measures.
In recent years, has been observed an increased and chronic consumption of several medicines all across the world. In Portugal the highest prescription and consumption regard, among others, alprazolam, lorazepam and zolpidem (anxiolytics and hypnotics), azithromycin and ciprofloxacin (antibiotics), simvastatin, bezafibrate and gemfibrozil (lipid regulators), and ibuprofen, diclofenac and paracetamol (non-steroidal anti-inflammatories and analgesics) (INFARMED, 2011) (Table 1) . As their use cannot be avoided, a sound risk assessment of their presence in the environment is a key problem. The selected pharmaceuticals were chosen within each group by the ranking of national sales, by package, in 2011 (INFARMED, 2011) (Table 1) .
The main source of pharmaceuticals residues in the aquatic environment is from human excretion, consequently, the widespread presence of pharmaceuticals in environmental samples is most likely to occur from wastewaters treatment plants (WWTPs), which incompletely remove these compounds. Pharmaceuticals are then released into the environment as parent compounds, metabolites, as well as transformation products formed during water treatments, by biodegradation, photolysis or hydrolysis (Petrovic and Barceló, 2007) , leading to the contamination of surface waters, seawaters, groundwater and some drinking waters. Nevertheless, there are also other pathways of aquatic contaminations such as sewage overflow, aquaculture, and leaching from agricultural fields resulting from the spreading of manure and presence of livestock Bueno et al., 2012; Fick and Söderström, 2009; Focazio et al., 2004; Jelic, 2012; Kümmerer, 2010; Nikolaou et al., 2007; Seifrtová et al., 2008) .
Heavy contamination pressures from extensive urban activities characterize the Portuguese coast and main rivers that might lead to high aquatic contamination levels and consequent environmental and human exposure. Although the concentrations of pharmaceuticals in influents (WWI) and effluents (WWE) of WWTPs are routinely monitored in many countries, there is little knowledge on pharmaceuticals occurrence/fate, and their environmental exposure profile in Portugal (Loos et al., 2012; Salgado et al., 2012; Santos et al., 2013; Sousa et al., 2011) . Moreover, their sources of contamination may be influenced by different geographical patterns of pharmaceuticals consumption, and important fluctuations due to seasonal variations might also occur.
These are important issues for an integrated management of the possible environmental risk assessment, which is essential for the implementation of minimizing measures. Frequently, a pragmatic approach for identifying hazards or prioritizing critical substances has been made (EMA, 2006) , but this concept is not sufficiently precise for an accurate assessment of pharmaceuticals risk. Nevertheless, information on real measured concentrations of pharmaceuticals in the environmental aquatic compartment, allows a good insight into human exposure.
The key driving force of this study was to perform, for the first time, a nationwide environmental contamination mapping of the above mentioned 11 pharmaceuticals, in 15 WWTPs from 5 different Portuguese regions, in order to evaluate geographical/national contamination patterns and to assess vulnerable areas. Moreover, we aimed to assess seasonal influence, in spring and summer seasons, and WWTPs removal efficiency. Furthermore, an important outcome was the evaluation of the potential ecotoxicological risk posed by these pharmaceuticals to different aquatic organisms, when exposed to the studied WWEs, allowing a better understanding of the environmental risk in the Portuguese context.
Materials and methods

Sampling site and collection
WWIs and WWEs of 15 different WWTPs, located in 5 Portuguese regions, North, Center, Lisbon and Tagus Valley, Alentejo and Algarve (Fig. 1) , were collected. These WWTPs are designed for 6850 to 756,000 population equivalents, representing 26.1% of the national population (10,526,700, in 2012) . With average flow rates ranging between 349 and 140,000 m 3 per day, these facilities have their discharge points in the main Portuguese rivers and Atlantic Ocean. They treat domestic, hospital and industrial wastewaters, operating with secondary or tertiary treatments, as described in Table 2 . Sampling campaigns, carried out in 2013, were performed during two sampling periods; between 14 May/04 June -spring, and 11 July/14 August -summer, one sample by sampling site (WWI and WWE) for each season. The characterization of WWIs and WWEs, for the different sampling periods, is shown in Table  S1 (Supporting information). WWIs and WWEs samples were collected in high-density polyethylene containers previously rinsed with bi-distilled water, as time proportional 24-h composite samples. Samples, kept refrigerated (4°C) during the transport to the laboratory, upon reception, were frozen and stored at À 20°C until analysis. 
Standards, chemicals and materials
Pharmaceutical standards, with purity degree Z 98%, were purchase from Fluka, Sigma and Riedel-de-Haen (Sigma-Aldrich, Spain), with exception for alprazolam, lorazepam and zolpidem that were acquired from LGC Standards (Barcelona, Spain). Individual stock solutions were prepared in methanol at 500 μg mL J.T. Baker (Deventer, Netherlands) supplied Baker-analyzed methanol for LC-MS and ultrapure Milli-Q water was obtained from a Milli-Q apparatus from Millipore (Molsheim, France). Formic acid (50%) and hydrochloric acid (37%) were obtained from Fluka, Sigma and Riedel-de-Haen (Sigma-Aldrich, Spain). Glass microfiber filters (1.0 μm, 934-AH) and 0.45 and 0.2 μm polyamide membrane filters were aquired from Whatman Schleicher and Schuell (USA) and from Whatman, (Dassel, Germany), respectively. Oasis MAX (500 mg, 6 mL) cartridges, from Waters Corporation (Milford, Massachusetts, USA), were used for solid phase extraction (SPE).
Experimental procedure
The method used for identification and quantification of these pharmaceuticals was based on the methodology reported by Sousa et al. (2011) . Briefly, after defrosting and reaching room temperature, samples were acidified with hydrochloric acid (37%) to pH 2 and, to remove suspended material, consecutively filtrated through a glass microfiber filter, 0.45 and 0.2 μm polyamide membrane filters.
For SPE the Oasis MAX cartridges were pre-conditioned with 6 mL methanol followed by 3 mL Milli-Q water at pH 2. Samples (50 mL of WWI and 100 mL of WWE) were applied to the cartridge, with a flow of 10 mL min À 1 , that was then washed with Instrumentation analysis was performed in a liquid chromatography with tandem mass detection (LC-MS-MS) system equipped with two 210 HPLC pumps, a 500 MS ion trap mass spectrometer and a ProStar 410 autosampler kept at 10°C, all from Varian (Walnut Creek, CA, USA). The system, assembled with a Varian analytical column Pursuit UPS C18 (2.1 mm i.d. Â 50 mm, 2.4 mm), kept at 35°C, and a guard column of the same characteristics (2.1 mm i.d. Â 10 mm, 3 mm), was fitted with a 10 μL sample loop.
Chromatographic separation was achieved using a flow rate of 300 μL min À 1 and a gradient of methanol and 10 mM formic acid in Milli-Q water as follows: 25% methanol, rising to 75% methanol in 8 min, then to 100% methanol at 10 min and holding until 13 min; at the end of the chromatographic run the column reequilibrated to the initial conditions in 1 min and stabilized for 8 min.
The electrospray ionization (ESI) source parameters (ionization polarity, drying gas temperature, needle voltage and capillary voltage) and the detector storage and fragmentation conditions (RF loading voltage and collision induced dissociation (CID) voltage, precursor and product ions) are described in Table S2 (Supporting information). The software used for data processing was the Varian MS Workstation version 6.9.1. Identification of positive samples was made by comparison of the MS/MS spectra against authentic standards and also by setting two to three qualifiers and 20% tolerance criteria. Quantification of each compound was based on the main characteristic MS² precursor/product ion transition.
Mass loading estimations and removal efficiency
Mass loadings of all pharmaceuticals were calculated for each sampling period by multiplying individual concentrations of each pharmaceutical found by the mean daily flow rate of wastewater provided by each WWTP (Table S1 , Supporting information). The WWTPs loads were normalized by the population equivalent (Table S1 , Supporting information). Removal efficiency of the selected pharmaceuticals was evaluated by means of Eq. (1):
where minf is the load of pharmaceutical in WWI and meff is the load of pharmaceutical in WWE (Santos et al., 2013) .
Ecotoxicological risk assessment
The risk assessment for the aquatic compartment has been based on the guideline on the environmental risk assessment of medicinal products for human use (EMEA, 2006) . Following this guideline, the risk quotients (RQs) associated to the selected pharmaceuticals were calculated by the ratio of measured environmental concentration (MEC) and predicted no-effect concentration (PNEC).
The maximum individual concentrations of pharmaceuticals found in the 30 different WWEs were used as MEC, to set a worst case scenario approach (Santos et al., 2013; Vazquez-Roig et al., 2012) . PNEC values were calculated by applying an uncertainty factor (UF) of 10 to the long-term no-observed-effect-concentration (NOEC) values or of 50 and 1000, to the short-term lowestobserved-effect-concentration (LOEC) and L(E)C50 values, respectively, available in the literature. The UF is an expression of the degree of uncertainty in the extrapolation from the test data on a limited number of species to the actual environment (EMEA, 2006) . When no experimental data were available, L(E)C50 values were estimated with ECOSAR 1.11. If RQ is equal or above 1 there is a potential environmental risk situation, whereas when values are lower than 1, no risk is expected.
Results and discussion
Method validation
Revalidation was performed, to assure the fitness for purpose of the multi-residue analytical method for the determination of the selected pharmaceuticals in wastewaters (Table S3 , Supporting information). Several procedures were carried out in WWI and WWE samples, encompassing sensitivity, linear range, matrix effects accuracy and precision features, according to Sousa et al. (2011) .
Linearity, achieved for every compound, in triplicate, in the concentration range from 0.01 to 2 μg L À 1 , was good, as shown by the correlation coefficients (r²) observed, ranging from 0.9926 to 0.9992. The method detection limits (MDLs), and the method quantification limits (MQLs) were estimated as the concentration giving a signal-to-noise (S/N) ratio of 3 and 10, respectively, are within the range of other methods developed for the same purpose (Ashton et al., 2004; Gros et al., 2013 Gros et al., , 2006 Kummerer, 2004; López-Serna et al., 2010; Petrovic et al., 2006; Salgado et al., 2010; Suominen, 2013; Ternes et al., 2001; Weigel et al., 2004; Yuan et al., 2012) . Recovery tests were performed to determine the accuracy and precision of the method by spiking of WWI and WWE samples. Precision was evaluated through the RSD (%) of the fortified samples. Recoveries were all above 65.2% and relative standard deviation ranged from 5.9 to 23.0%.
Occurrence and geographical variations
3.2.1. Frequency and occurrence Table 3 , Fig. 2 , and Table S4 (Supporting information) present the occurrence data of the selected pharmaceuticals in the WWI and WWE samples, their frequency, range, and mean concentration, together with the estimated mass loads of each compound and the removal efficiencies observed. Generally, the results showed that, as expected, the frequencies of contamination, concentration levels and mass loads, were higher in WWI samples, although some exceptions were observed. From the 11 targeted pharmaceuticals, only two, alprazolam and zolpidem, were not detected, being all samples contaminated with at least one, and up to 8 pharmaceuticals.
Anti Concerning the lipid regulators, the therapeutic group most widely detected (94% in WWI, and 68% for WWE), a mean concentration of 1440.0 ng L À 1 (184.1 mg/day/1000 inhab.) was found, with simvastatin and bezafibrate having higher averages than gemfibrozil. Anxiolytics were the group that presented the lowest frequency (17%, both in WWI and WWE) with an average concentrations of 26.9 ng L À 1 (3.3 mg/day/1000 inhab.) and 28.2 ng L À 1 (3.4 mg/ day/1000 inhab.), for WWI and WWE, respectively, being lorazepam the only one found.
Comparison with national consumption and excretion data
The results found in our study are largely explained by consumption and excretion data. The latest Portuguese figures on pharmaceuticals consumption are from 2011 and were reported by IN-FARMED, the National Authority of Medicines and Health Products. The group of anti-inflammatories, with excretion rates ranging from 5% to 39% (Al Mompelat et al., 2009) , is the one with higher sales ranking, with a total of 6,598,258 packages sold, with the decreasing rank order: paracetamol4ibuprofen4diclofenac (INFARMED, 2011) , that equals the ranking of WWI average mass loads found in our study: 3536.0, 454.8 and 27.3 mg/day/1000 inhab., respectively (Tables 1 and 3) .
Anxiolytics are the second group in the ranking of national sales, with 5420633 packages sold (INFARMED, 2011), however, due to their negligible excretion rates (Mompelat et al., 2009; Sousa et al., 2011) they presented low WWI mass loads (Table 1 and Fig. 2) .
Regarding lipid regulator, bezafibrate has the lower selling rates from all of the selected pharmaceuticals; however, it has high excretion rates (up to 69%) and higher stability than most of the studied compounds, which led to WWI mean mass loads of 171.6 mg/day/1000 inhab., approximately half than simvastatin mass loads (323.7 mg/day/1000 inhab.), the best-selling pharmaceutical (with 3,440,703 packages), but with only 15% of the consumed dose being released in the environment in his original form (Al Mompelat et al., 2009) .
Although lipid regulators present higher selling rates than antibiotics, 3,482,153 and 1,562,978 packages, respectively (IN-FARMED, 2011), they show lower WWI mass loads (Table 1 and Fig. 2 ). This fact is due to the lower excretion rates of the former, specially of simvastatin when compared with the excretion of up to 84% of ciprofloxacin (Al Mompelat et al., 2009 ).
Geographical variations
Despite the fact that some efforts were made for a better understanding of the pharmaceuticals fate in Portuguese WWTPs, specific geographical surveys must be considered, since the occurrence pattern of pharmaceuticals in WWTPs is normally related to local consumption or sales figures (Sousa et al., 2011) . On the other hand, it is necessary to determine whether observations made from geographical sampling sets, are representative of environmental concentrations nationwide, being essential to perform contamination maps (Santos et al., 2013; Sousa et al., 2011) .
Portugal is a known vacation destination, in particular Algarve, where in summer, the number of inhabitants triplicates, and the population-equivalent served during this period is much higher than the annual average, increasing the overall flow rates (Table  S1 , Supporting information), and promoting the highest mass load determined (36,152.2 mg/day/1000 inhab.). The results for the remaining regions are comparable, with Lisbon (12,178.5 and 25,777.1 mg/day/1000 inhab., in spring and summer, respectively) and North (12, 533.0 and 25, 945 .0 mg/day/1000 inhab., in spring and summer, respectively) regions, presenting slight higher contamination values than Alentejo (9298.1 and 10,081.1 mg/day/ 1000 inhab., in spring and summer, respectively) and Center (7109.4 and 7203.5 mg/day/1000 inhab., in spring and summer, respectively) region (Fig. 3) .
For management purposes, information on the distribution of risk due to pharmaceuticals use on a geographical scale and a risk assessment based in a geographic information system can be very useful for an environmental-oriented monitoring (Hernando et al., 2011) .
Comparison with other studies
The range of contamination levels, both in WWI and WWE samples, concur with those found in several other studies reported worldwide. As in our study, others report that anti-inflammatories, the most investigated therapeutic group, present the highest WWI concentration levels. Accordingly, paracetamol shows the highest WWI values (up to 150,000 ng L À 1 ), and much lower WWE levels.
Moreover, ibuprofen WWI average contamination is also above than that reported for diclofenac, and the majority of the results conveyed for WWE samples presented the same tendency (Behera et al., 2011; Crouse et al., 2012; Gracia-Lor et al., 2012; Miège et al., 2009; Petrovic et al., 2006; Roberts and Thomas, 2006; Sim et al., 2011; Verlicchi et al., 2012) . This pattern was also observed, by an EU wide monitoring survey on WWE samples recently published (Loos et al., 2012) . Comparatively to previous Portuguese findings, paracetamol was also found in WWI at much higher concentration values than in WWE (Santos et al., 2013; Sousa et al., 2011) , and the concentration range of ibuprofen, in WWI was also similar with the present findings (ranging from 550 to 9102 ng L À 1 ) (Loos et al., 2012; Santos et al., 2013; Sousa et al., 2011) . Concerning lipid regulators, limited studies have examined the occurrence and fate of simvastatin and, on the contrary to our study, in which simvastatin presented an average concentration of 2652.1 ng L À 1 , lower concentrations, below 10 ng L À 1 , were reported, both for WWI and WWE . Conversely to our study, comparable concentrations of gemfibrozil and bezafibrate, or even higher concentrations of gemfibrozil than bezafibrate were reported, in WWE (Loos et al., 2012) . Nonetheless, our results are in good agreement with other scientific literature (Gracia-Lor et al., 2012; Loos et al., 2012; Miège et al., 2009; Verlicchi et al., 2012) , including the Portuguese available data (Santos et al., 2013; Sousa et al., 2011) . In relation to antibiotics, concurring with our data, ciprofloxacin is usually reported at higher concentrations when compared to azithromycin Miège et al., 2009; Petrovic et al., 2006; Verlicchi et al., 2012; Watkinson et al., 2009 . Antibiotics are the group that presents larger national differences. For instance, the measured concentrations of ciprofloxacin in the studied WWI and WWE samples were found at higher levels (up to 17,500.0 and 9800.0 ng L À 1 , respectively) than other previous findings (up to 667 and 369 ng L À 1 , respectively) (Loos et al., 2012; Santos et al., 2013; Seifrtová et al., 2008; Sousa et al., 2011) . As for azithromycin, our results revealed lower concentrations than Sousa et al. (2011) As for anxiolytics, results similar to ours were retrieved by other Portuguese and international studies, where low concentration values were found in WWI and WWE (up to 299 and 300 ng L À 1 , respectively) (Gracia-Lor et al., 2012; Loos et al., 2012; Santos et al., 2013; Sousa et al., 2011; Verlicchi et al., 2012; Yuan et al., 2012) . The highest level found for lorazepam in a WWI of a WWTP of a psychiatric hospital was 294 ng L À 1 (Yuan et al., 2013) .
As in our research, lorazepam, is found in higher frequencies and concentrations than alprazolam and zolpidem (Gracia-Lor et al., 2012; Yuan et al., 2013) . The EU WWE average concentrations of alprazolam and zolpidem, evaluated by Loos et al. (2012) , was also very low, 1 and 2 ng L À 1 , with maximum concentrations of 33 and 43 ng L À 1 , respectively.
Removal efficiency
In the present study, the fate of the selected pharmaceuticals was determined in 15 Portuguese WWTPs employing different treatment processes (e.g. secondary and tertiary treatments, with UV). The WWTPs were operating normally during all sampling events, and generally achieved good removals on what concerns biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) (Table S1, Supporting information).
As seen in Table 2 , systems that use an activated sludge process are still widely employed for wastewater treatment, mostly because they produce an acceptable quality WWE at reasonable operating and maintenance costs. However, this type of treatment capability of removing pharmaceuticals is limited, depending on influent concentration and on biological reactor configuration (sequence of anaerobic aerobic and anoxic compartments) (Gros et al., 2009; Kasprzyk-Hordern et al., 2009; Vazquez-Roig et al., 2012; Wick et al., 2009 ). In fact, generally, despite some differences in the treatments applied, WWTPs were not able to completely remove these pharmaceuticals, exhibiting a comparable performance in their removal, in mean values of 94.5% (Tables 3  and S4 , Supporting information). Nonetheless, it is noticeable a great variation in removal efficiencies between the different therapeutic groups (Fig. 4) , as well as within each group, going from not eliminated to 100%, and no association was establish between the decreased BOD, COD and TSS in WWE and removal percentage (Tables 3 and S1 , Supporting information).
Anti-inflammatories were the group most efficiently removed (98.9%) (Fig. 4) , mostly due to the high removal rates of paracetamol, with an average of 99.9%. Diclofenac was the one with lower removal efficiency, with an average of 45.6% (Table 3) . Considerable high removal efficiencies were observed for lipid regulators and antibiotics, 87.9% and 79.3% respectively. As for anxiolytics, lorazepam was not eliminated, although it was the pharmaceutical with the lowest WWI mass loads. In some cases, lorazepam, azithromycin, ciprofloxacin, gemfibrozil, simvastatin and diclofenac had higher concentrations in WWE than in WWI (Table S4 , Supporting information). Two possible explanations are that over the treatment process, conversion of their conjugated metabolites to the original substances, takes place and also changes in the adsorption behavior to particles during the treatment process (Bueno et al., 2012; Sousa et al., 2011) .
Our findings are in agreement with previous studies found in the scientific literature, where incomplete removal of a wide range of pharmaceuticals in conventional WWTPs has been described (Al Behera et al., 2011; Castiglioni et al., 2006; Jelic et al., 2011; Santos et al., 2013; Sousa et al., 2011) .
These results also allow evaluating which WWTPs release more pharmaceuticals into the aquatic environment (by multiplying the concentrations found by the daily flow rate) and inferring the possible risk for the receiving water. These data revealed that WWTP 11 released, per day, in the summer, 429 g of the selected pharmaceuticals in the surrounding aquatic environment, followed by WWTP 7 and 6, with 213 and 155 mg, respectively. It should also be noted, that WWTP 7 released 178 g per day of antibiotics, the group with higher contamination values, into the receiving aquatic compartment, with all the problems associated concerning the emergence of bacterial resistances. These results translate the consumption pattern and number of the population served by each WWTP and removal efficiencies of each WWTP, and as expected higher values were obtained for WWTPs that serve higher populations.
Although, pharmaceuticals concentrations in sludge or suspended solids was not considered nor measured, one should note that good removal rates obtained in aqueous phase do not imply degradation to the same extent (Jelic et al., 2011; Xu et al., 2007) . Moreover, the conversion of a given pharmaceutical to transformation products other than the analyzed might lead to lower pharmaceutical levels in WWE samples, and to an apparent removal (Gracia-Lor et al., 2012; Jelic et al., 2011) . For instance, metabolites of diclofenac (Vieno and Sillanpää, 2014; Zenker et al., 2014) and a phototransformation product, more toxic than the parent compound, were already detected in the environment (Escher and Fenner, 2011) .
Seasonal variation
During summer, in some areas, like Algarve, the population increases and this reflects on the flow rate of some WWTPs (Table  S1 , Supporting information). However, in other regions, like Alentejo, the flow rate decreases, a fact that can be explained by the reduced precipitation typical of this period, this fact is explained by the combined sewer, sewage that includes both anthrophic discharges and rain water, that is common in Portuguese WWTPs, (IPMA, 2014) . These facts might be responsible by the results obtained in our study, where the sum of mass loads in WWI for summer was 7010.6 mg/day/1000 inhab., higher than that found during the spring season, 3472.3 mg/day/1000 inhab. (Fig. 2) . This pattern was observed not only in WWI, but also in WWE samples, with 437.2 and 81.2 mg/day/1000 inhab., for spring and summer, respectively, and was similar to all therapeutic groups, with the exception of anxiolytics.
Regarding the obtained results for each pharmaceutical, our data are in agreement with other studies, where higher levels of some pharmaceuticals, such as diclofenac, ibuprofen, paracetamol, gemfibrozil, were found in summer (Bueno et al., 2012; Loraine and Pettigrove, 2006; Sui et al., 2011; Sun et al., 2013) . Conversely, other authors observed any variation between seasons for diclofenac, ibuprofen, paracetamol, bezafibrate and gemfibrozil (GraciaLor et al., 2012) ; or even observed lower concentrations in the summer, for ibuprofen and bezafibrate (Vieno et al. 2005 , Sui et al. 2011 .
Many factors including solids retention time (SRT), organic load, microbial community, raw sewage temperature and pH were shown to have pronounced effects on the efficiency of activated sludge treatments (Lajeunesse et al., 2012) . As such, seasonal variations may also affect the treatment efficiency of WWTPs, leading to concentration variations of pharmaceuticals in the WWE. Generally, in spring the microbial activity and biological reactions are reduced due to lower temperatures and dilution effects, leading to a lower removal efficiency (Azzouz and Ballesteros, 2013; Lajeunesse et al., 2012; Verlicchi et al., 2012; Vieno et al., 2005) . In fact, regarding lipid regulators and antibiotics lower removal efficiencies were observed in spring (36.2% and 47.2% respectively) than in summer (89.3% and 79.8% respectively), corroborating the expected tendency (Fig. 4) . However, anti-inflammatories presented similar removal percentages, 99.1% and 98.7%, for spring and summer, respectively that translated into a higher mean removal in spring when compared to summer (Fig. 4) . As for anxiolytics, they were only found in the spring season and in low concentrations, not providing enough data for any seasonal comparison.
Although the overall results indicate that removal efficiency was higher in the spring season, this is due to the small difference in the percentage of removal group of anti-inflammatories, that has mass loads exceptionally higher than the others do, strongly influencing the average removal results.
Environmental risk assessment
The above-mentioned data about occurrence and fate of several pharmaceuticals is crucial in order to improve ERA in a way to evaluate health, ecological and economic consequences. Since pharmaceuticals concentration in water is low, ecotoxicological long-term data are preferred to short-term data. However, due to the lack of long-term toxicological studies, a widespread approach is the use of data from short-term studies (EC50 or LC50) to calculate PNECs (Santos et al., 2013; Vazquez-Roig et al., 2012) . It should be taken into account that the choice of data can obviously affect the outcome and that only 30 samples (15 WWTPs in each seasons) were used. The highest concentrations of pharmaceuticals in the WWE samples (to set in the worst-case scenario) (Santos et al., 2013; Vazquez-Roig et al., 2012) , PNEC values (together with UFs) and RQs deemed for each analyte are shown in Table 4 .
The low resulting PNEC values could be explained by these compounds high biological activity and bioconcentration, being detected in biota tissues in higher concentrations than in the aquatic environment.
According to these results, the pharmaceuticals ciprofloxacin, bezafibrate, gemfibrozil, simvastatin and diclofenac showed RQs higher than one, in the range of 1.043 to 115.563, for at least one trophic level, posing a risk to algae, daphnids and fish. Although all the other RQs were values lower than 1, a certain risk could be expected for the substances with a RQ between 0.1 and 1, including, in this way, all the other pharmaceuticals that were detected in WWE, regarding at least one trophic level (Vazquez-Roig et al., 2012) (Table 4) .
In accordance with these findings, it could be concluded that due to the incomplete removal of pharmaceuticals in WWTPs, their WWEs would represent a threat to aquatic ecosystems and probably the dilution of wastewaters in receiving surface waters may not be enough, to mitigate their ecotoxicological risk.
The approach followed in this work is only focused on the ecotoxicity that individual pharmaceuticals may cause to aquatic organisms. However, in the aquatic environment they are present as a mixture of different therapeutic groups, their metabolites and transformation products, which may have synergic or additive effects, exhibiting higher toxicities than single compounds, even at lower concentrations, as was shown by some authors, being the real hazard greater than the calculated (Richards et al., 2004; Santos et al., 2013 Santos et al., , 2010 Yang et al., 2008) .
This risk evaluation has its limitations, such as the lack of more long-term toxicological studies and the unfeasibility to carry out chronic studies during the lifespan of the organisms (especially in fishes).
Conclusions
These findings allow concluding that pharmaceuticals are ubiquitous in Portuguese WWTPs, both in WWIs and WWEs, and their systematic prevalence in WWEs leads to the continuous exposure, even if in some cases at low levels, of the aquatic wildlife to these compounds.
With exception for alprazolam and zolpidem, pharmaceuticals were found up to 66,700.0 ng L À 1 and 9800.0 ng L À 1 , in WWI and WWE, respectively. Mass loads were found in WWI, as following, in the decreasing order: anti-inflammatories, antibiotics, lipid regulators and anxiolytics. As for WWE the order was: antibiotics, lipid regulators, anti-inflammatories and anxiolytics.
Some geographical differences were observed, mainly due to the increased population in Algarve during the summer. In fact, during the summer higher mass loads were observed, as a consequence of the increased number of tourists. Removal efficiencies were similar for all WWTPs, however anti-inflammatories had higher removal efficiencies than the other therapeutic groups, specially as a result of the high removal efficiency for paracetamol. As expected, excepting for anti-inflammatories, better removal efficiencies were observed in the summer.
Environmental risk assessment, using worst case scenario approach, showed that nine out of the eleven pharmaceuticals had RQ above 0.1, and five presented RQ over 1. Furthermore, ciprofloxacin, gemfibrozil, simvastatin and diclofenac exhibited RQs superior to 1, even when the average measured concentrations were used. These results underline that the aquatic ecosystem may be threatened.
As the use of pharmaceuticals cannot be avoided, these results highlight the importance of these monitoring studies, as required by the Directive 2013/39/EU, in order to minimize their aquatic environmental contamination and support future prioritization measures. fully acknowledge every person from the groups Águas de Portugal, Águas de Gaia and Águas da Figueira, S.A., who provided their technical assistance in collecting the wastewater samples.
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